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MortalityAbstract Several cumbersome scoring systems were developed for prognosis and outcome
prediction in sepsis. We intended in this study to evaluate the urinary albumin/creatinine ratio
(ACR) as a prognostic predictor in sepsis.
We included 40 adult septic patients in a prospective observational study. We excluded patients
with preexisting chronic kidney disease or diabetes mellitus.
After clinical evaluation, urine spot samples were collected on admission and 24 h later for ACR1
and ACR2. Admission APACHE IV score and the highest recorded SOFA score of their daily
estimation were considered. We also evaluated the need for mechanical ventilation, inotropic
and/or vasoactive support, renal replacement therapy (RRT), and in-hospital mortality.
In a population with 63 (55–71) year old with 29 (72.5%) males, we found that the ACR2 is
correlated with the SOFA score (r= 0.4, P= 0.03). SOFA was higher in patients with increasing
ACR [14(4.8–16.8) vs 5(3–8), P= 0.01]. None of the ACR measures was correlated with APACHE
IV score. ACR2 was higher in patients who needed mechanical ventilation and inotropic and/or
vasoactive support [140(125–207) and 151(127–218) mg/g respectively] compared to [65(47–174)
and 74(54–162) mg/g], P= 0.01 and 0.009. None of the measured parameters was related to the
need of RRT. ACR1, ACR2, APACHE IV and increasing ACR were predictors of mortality.
The AUC for mortality prediction was largest for APACHE IV (0.90) then ACR2 (0.88). ACR2
of 110.5 mg/g was 100% sensitive and 86% speciﬁc to predict mortality.
We concluded that the urinary ACR may be used as a simple test for prognosis and mortality
prediction in sepsis.
 2016 The Egyptian College of Critical Care Physicians. Production and hosting by Elsevier B.V. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Sepsis occurs in 1–2% of all hospitalized patients and accounts
for as much as 25% of ICU cases. In the United States, sepsis
causes more than 200,000 deaths each year [1]. Sepsis is
marked by a severe host defense response that involves
48 O. Tayeh et al.triggering of potent inﬂammatory cascades which release a
plethora of pro-inﬂammatory and anti-inﬂammatory mole-
cules into the circulation [2]. The endothelial dysfunction is a
milestone in sepsis pathogenesis. An early feature of sepsis is
the loss of endothelial barrier integrity leading to systemic cap-
illary leak [3]. This enhanced capillary permeability causes
increased glomerular excretion of albumin in the urine [4].
Microalbuminuria has been accordingly seen by several studies
to occur early after severe inﬂammatory process and to persist
in more severe cases [5–8].
Early prediction of mortality among critically ill sepsis
patients and early institution of intensive therapy are of
paramount importance. Various intensive care units scoring
systems like the Acute Physiology and Chronic Health
Evaluation (APACHE) II, APACHE IV, and Simpliﬁed Acute
Physiology (SAPS II) scores to predict mortality are in current
use. These scoring systems require a large number of variables
derived from the patient’s history, examination, and initial
laboratory data.
Microalbuminuria was shown to be promising as a predic-
tor of organ failure, vasopressor requirement and mortality
prediction. It was shown to be even better than APACHE II
and SOFA scores in some studies [9–14].
We intended in our study to evaluate the prognostic value
of urinary albumin/creatinine ratio (ACR) in patients with sep-
sis and to compare this prognostic value with the APACHE IV
and Sepsis-related Organ Failure Assessment Score (SOFA)
scoring systems.
2. Patients and methods
This is a prospective observational study that recruited all
adult critically ill patients admitted to the surgical/medical
ICU department, Electricity Hospital, Cairo, Egypt from
May 2013 to May 2014. We included in the study patients with
diagnosis of sepsis syndrome with the presence of SIRS based
on the diagnostic criteria of 1992 ACCP/SCCM [15] and its
update in 2001 International Sepsis Deﬁnition Conference
[16], exhibiting two or more of the following signs: (1) temper-
ature of >38 C or <36 C, (2) pulse rate of >90 beats/min,
(3) respiratory rate of >20 breaths/min or hyperventilation
with a PaCO2 of <32 mmHg, or (4) white blood cell (WBC)
count of >12,000 lL1 or <4000 lL1, or >10% immature
cells. The presence of infection was deﬁned according to the
clinical and microbiological criteria of the Centers for Disease
Control and Prevention (CDC) deﬁnitions [17] and was held as
a gold standard. It was determined by two independent experts
who examined the patients daily for the ﬁrst 48 h of admission.
We excluded from the study patients less than 18 year old,
patients with anuria or hematuria, patients with preexisting
chronic kidney disease, patients with diabetes mellitus, patients
with proteinuria due to renal or post renal causes, patients
with urinary tract infection, and patients with ICU length of
stay less than 24 h.
The study protocol was approved by the institutional
review board at Cairo University together with representatives
of study conduction site.
All included patients were subjected for clinical evaluation
including history, physical examination, routine laboratory
investigations (capillary blood glucose, coagulation proﬁle,
arterial blood gases, liver function tests, kidney function tests,random blood sugar, and serum electrolytes), and cultures
from suspected sources of infection including sputum, urine,
. . . etc. together with at least two blood cultures obtained from
different venipuncture were obtained prior to antibiotic
administration.
APACHE IV score was calculated in an integer score form
that is web based computed by applying worst values of the
measurements observed during 24 h following ICU admission,
with a maximum score of 286 [18]. The score was previously
validated in sepsis patients [19].
The SOFA score is a scoring system to determine the extent
of organ dysfunction [20]. SOFA score was evaluated daily
until ICU discharge or demise or up to a total of 28 days.
The highest recorded SOFA score was considered for statisti-
cal analysis.
Other parameters of disease severity that were studied
included need for mechanical ventilation, need for inotropic
and/or vasoactive support and need for renal replacement
therapy (RRT). Outcome was evaluated by ICU length of stay
(ICU-LOS) and the in-hospital mortality.
2.1. Urinary albumin creatinine ratio
Urine spot samples were collected at the time of ICU admission
for Albumin Creatinine Ratio 1 (ACR1) and 24 h following
ICU admission for Albumin Creatinine Ratio 2 (ACR2).
Urinarymicroalbuminwasmeasured by the immunoturbidi-
metric method and urinary creatinine by modiﬁed kinetic Jaffe
reaction (Dimension RxL Max, Dade Behring Inc., U.S.A.).
Trends of microalbuminuria was assessed as the change
from ACR1 to ACR2. The difference between those values
represents the delta albumin/creatinine ratio (D ACR) and is
calculated as D ACR= ACR2  ACR1. When D ACR is neg-
ative, it is deﬁned as decreasing ACR and when it is positive, it
is deﬁned as increasing ACR.
2.2. Statistical method
Data were prospectively collected and coded prior to analysis
using the statistical package of social science (SPSS version
16). Normal distribution of different dependent variables in
relation to their independent variables was studied. A variable
was considered normally distributed if the Shapiro–Wilk’s test
had a P> 0.05 [21,22] and with z-value of skewness and
kurtosis between 1.96 and +1.96 [23].
Our variables were found to be non-normally distributed.
Continuous variables were accordingly expressed as median
(Q1–Q3). Categorical variables were expressed as frequency
and proportion. Nonparametric test (Mann–Whitney U test)
was used for comparison between two groups as regards quan-
titative variable. Chi-Square Test (x2) was used for comparison
between two groups as regards qualitative data. Exact test was
used instead when the expected frequency is less than 5.
Spearman correlation coefﬁcient test (r) was used to test a
positive or negative relationship between two variables.
Receiver operator characteristic (ROC) analysis was performed
to deﬁne a cutoff value of a variable. Sensitivity was estimated
as True positiveðTrue positiveþFalse negativeÞ and speciﬁcity was estimated as
True negative
ðTrue negativeþFalse positiveÞ. Results were considered statistically
signiﬁcant if P 6 0.05.
Figure 1 Mortality rate in the study.
Figure 2 ACR value on admission and 24 h later.
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During the period between May 2013 and May 2014, 65
patients with sepsis were initially recruited to our study.
Twenty-ﬁve patients were subsequently excluded and the
remaining 40 patients continued the study duration. Of the
25 excluded patients, 8 had preexisting chronic kidney disease,
13 had diabetes mellitus, and 4 patients died within 24 h of
admission.
The 40 septic patients that included in the study had an age
ranging from 28 to 87 with a median (Q1–Q2) of 63 (55–71)
years old with 29 (72.5%) males and 11 (27.5%) females were
included in our study.
Table 1 shows the source of infection in our patients’
population.
The highest SOFA score was 7.0 (4.0–14.0) ranging from 1
to 17 and APACHE IV score recorded within ﬁrst 24 h of ICU
admission was 77.5 (58.8–98.0) ranging from 46 to 118.
Of the 40 patients eligible in this study, 23 (57.5%) needed
ventilator support, 20 (50%) needed inotropic and/or
vasoactive support to maintain hemodynamics, and only 7
(17.5%) needed RRT.
The Length of stay in our study was 7.0 (5.0:9.0) days rang-
ing from 3 to 19 days. Eighteen patients died with a mortality
rate of 45% while 22 patients (55%) survived their ICU course
(Fig. 1).
3.1. Albumin/creatinine ratio (ACR) measurements
Albumin/creatinine ratio (ACR) measured on admission
(ACR1) was 113.2 (83.7–163.5) with a range from 29 to
229 mg/g and the 24 h ACR (ACR2) was 136.4 (63.7–195.3)
ranging from 21 to 255 mg/g (Fig. 2). The ACR was decreased
in 17 patients (42.5%) by 30 (22.4–39.7) mg/g and it was
increased in 23 (57.5%) by 37.9 (26.4–59) (Fig. 3).
3.2. Albumin/creatinine ratio in relation to disease severity
The ACR1 was not signiﬁcantly correlated with SOFA
(r= 0.236, P= 0.172) or APACHE IV (r= 0.188,
P= 0.28) scores while the ACR2 was positively correlated
with SOFA score (r= 0.366, P= 0.031) but not with
APACHE IV score (r= 0.286, P= 0.096). The SOFA score
was signiﬁcantly higher in patients with increased ACR trend
14 (4.75–16.75) than in patients with stationary or declining
trend 5 (3–8) (P= 0.01). Meanwhile, there was no signiﬁcant
difference in APACHE IV between patients with increased
ACR trend 81.5 (58.8–101.3) and those with stationary or
declining ACR trend 66 (56–86) (P= 0.3) (Table 2).
The ACR1 was not statistically different in patients who
needed and those who didn’t need mechanical ventilationTable 1 Source of sepsis.
Source of sepsis Number Percent %
Chest infection 25 62.5
Peritonitis 7 17.5
Infected bed sores 3 7.5
Wound infection 5 12.5
Figure 3 ACR trend over the ﬁrst 24 h.[115.7 (98.5–186.4) vs 85.6 (73.5–143.4) respectively,
P= 0.09] while ACR2 was signiﬁcantly higher in patients
who required mechanical ventilation compared to those who
didn’t need [139.7 (125.3–207.6) vs 65.0 (47.0–174.1)
Table 2 Correlation between ACR1, ACR2 and SOFA and APACHE IV scores and their relation to the ACR trend.
ACR1 ACR 2 Increasing ACR Non-increasing ACR
SOFA r 0.236 0.366 14 (4.75–16.75) 5 (3–8)
P-value 0.172 0.031 0.01
APACH IV r 0.188 0.286 81.5 (58.8–101.3) 66 (56–86)
P-value 0.28 0.096 0.3
The bold signify the statistically signiﬁcant P value.
Table 3 ACR1 and 2 in need of mechanical ventilation, inotropic and/or vasoactive support, and RRT.
ACR 1 median (Q2–Q3) P value ACR 2 median (Q2–Q3) P value
Mechanical ventilation No 85.6 (73.5–143.4) 0.09 65.0 (47.0–174.1) 0.011
Yes 115.7 (98.5–186.4) 139.7 (125.3–207.6)
Inotropic and/or vasoactive support No 99.5 (73.0–137.8) 0.06 74.8 (53.9–161.8) 0.009
Yes 114.5 (99.8–202.7) 150.5 (126.9–218.2)
Need for RRT No 115.7 (80.9–176.0) 0.9 135.0 (57.4–196.0) 0.58
Yes 113.2 (98.5–142.0) 139.7 (123.7–166.7)
The bold signify the statistically signiﬁcant P value.
50 O. Tayeh et al.respectively, P= 0.011)] (Table 3). Considering the change in
ACR, we found that the increase in ACR was a predictor of
need of mechanical ventilation. Of the 23 patients with
increased ACR, 18 (78.3%) needed mechanical ventilation
while 5 (21.7%) didn’t (P= 0.003).
A similar relation was found between ACR1 and ACR2
and the need of inotropic and/or vasoactive support. ACR1
was not signiﬁcantly different in patients who needed and
those who didn’t need inotropic and/or vasoactive support
[114.5 (99.8–202.7) vs 99.5 (73.0–137.8) respectively,
P= 0.06] while ACR2 was signiﬁcantly higher in patients
who needed inotropic and/or vasoactive support compared
to those who didn’t need [150.5 (126.9–218.2) vs 74.8
(53.9–161.8) respectively, P= 0.009] (Table 3). Considering
the change in ACR, we found that the increase in ACR was
a predictor of need of inotropic and/or vasoactive support.
Of the 23 patients with increased ACR, 16 patients (69.6%)
needed inotropic and/or vasoactive support while 7 patients
(30.4%) didn’t (P= 0.01).
Neither ACR1 nor ACR2 was signiﬁcantly related to the
need for RRT in our patient population. ACR1 was 113.2
(98.5–142.0) vs 115.7 (80.9–176.0) for those who needed and
didn’t need RRT respectively, P= 0.9 and ACR2 was 139.7
(123.7–166.7) vs 135.0 (57.4–196.0), P= 0.58 (Table 3). Even
the increase in ACR over time was not signiﬁcantly associated
with the need for RRT. Of the 23 patients with increased ACR,
6 patients (26.1%) needed RRT while 17 patients (73.9%)
didn’t (P= 0.2).
3.3. Albumin/creatinine ratio and outcome
The ACR1 and ACR2 revealed signiﬁcantly positive
correlation with ICU-LOS (r= 0.5, P= 0.007 for ACR1
and r= 0.4, P= 0.05 for ACR2) (Fig. 4). Both ACR1 and
ACR2 was a signiﬁcant predictor for mortality in our patients’population. ACR1 and ACR2 were 121.3 (103.7–189.7) mg/g
and 193.0 (137.8–219.9) mg/g in non-survivors compared to
90.8 (72.3–128.4) mg/g and 69.1 (49.3–132.5) mg/g for
survivors (P= 0.009 and <0.001 for ACR1 and ACR2
respectively) (Figs. 5 and 6).
The increase in ACR after 24 h compared to admission
ACR was associated with increased mortality. Sixteen of the
18 non-survivors (88.9%) had an increased ACR while only
2 (11.1%) had a stationary or decreased ACR. Of the 22
survivors, 15 (68.2%) had a stationary or decreased ACR
while only 7 (31.8%) had an increased ACR (P= 0.001).
The use of increased ACR to predict mortality had 89%
sensitivity and 68% speciﬁcity.
Receiver operator characteristic (ROC) curve was exam-
ined for the use of APACHE IV and ACR concentrations as
a predictor of ICU mortality (Fig. 7). The area under the
ROC curve (AUC) for APACHE IV to predict ICU mortality
was the highest of the examined parameters (0.90). The opti-
mal cutoff value for APACHE IV to predict ICU mortality
was 72.5 that had a sensitivity of 100% and a speciﬁcity of
80% for ICU mortality prediction while an ACR2 of
110.5 mg/g was 100% sensitive and 86.2% speciﬁc (Table 4).
The different cut-off values and their sensitivity and speciﬁcity
for mortality prediction are seen in Table 4.
4. Discussion
Sepsis is not only a great health problem but also an important
socioeconomic challenge worldwide. It lowers patients’
living quality and increases the mortality signiﬁcantly [1].
Identiﬁcation of sepsis prognosis and outcome prediction is
of paramount importance.
Currently available tools for prediction of prognosis in ICU
are the APACHE scores [18], which predict mortality, and the
SOFA score [20], which predicts morbidity. These scoring
Figure 4 Correlation between ACR and ICU-LOS.
Figure 5 ACR1 and survival. Figure 6 ACR2 and survival.
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cal analyses. In addition to difﬁculty in estimation, several
drawbacks and limitations have been shown to these scoring
systems [24].
No laboratory biomarkers had been deﬁnitively demon-
strated to correlate with severity of illness and mortality in
ICU patients. Several clinical studies on critically ill patients
with severe endothelial and renal involvement showed that
microalbuminuria may be a beneﬁcial marker of disease
severity and mortality prediction [9,10] and it may indirectly
quantify changes in systemic vascular permeability [4]. Some
authors had identiﬁed microalbuminuria as a signiﬁcant
prognostic marker of morbidity and mortality [14]. The level
of microalbuminuria starts to increase within hours of an
inﬂammatory insult as against delayed increases in levels of
many other mediators [25].
We intended in our study to evaluate the prognostic value
of urinary albumin/creatinine ratio (ACR) in sepsis in
the intensive care setting and to compare this prognostic value
with the APACHE IV and SOFA scoring systems.
This is a prospective study involving 40 critically ill patients
with sepsis syndrome admitted to medical/surgical ICU. Allincluded patients were subjected to the measurements of
urinary albumin/creatinine ratio on admission (ACR1) and
24 h later (ACR2). The recording of APACHE IV score (in
the ﬁrst 24 h of ICU admission) and the highest SOFA score
of their daily measurements were considered.
The commonly known factors that may cause increased
ACR and that might be confounding are the diabetes mellitus
and chronic kidney disease; accordingly, we excluded those
patients from our study.
Sepsis is characterized by widespread endothelial dysfunc-
tion arising from the effects of cytokines, and other inﬂamma-
tory mediators, released during the intense inﬂammatory
responses leading to systemic increase in capillary permeability
[2]. The increased capillary permeability in the pulmonary cir-
culation contributes into ARDS [26], in systemic circulation
contributes into sepsis induced hypotension [27], and in renal
circulation causes increased amounts of albumin to escape into
the glomerular ultraﬁltrate. The tubular reabsorptive mecha-
nism for albumin from the ultraﬁltrate is exceeded beyond
its threshold capacity, leading to increased excretion of albu-
min in the urine [28]. As a marker of increased permeability,
microalbuminuria was supposed to indicate the development
Figure 7 ROC curve for APACHE IV, ACR1 & ACR2 for mortality prediction.
Table 4 AUC, their signiﬁcance, cut-off values and the sensitivity and speciﬁcity for mortality prediction.
AUC P value Cutoﬀ value Sensitivity (%) Speciﬁcity (%)
APACHE IV 0.905 <0.001 68.5 100 75
72.5 100 80
75.5 93 80
ACR 1 0.755 0.006 86.3 mg/g 100 50
89.8 mg/g 94.4 50
97.25 mg/g 88.9 54
ACR 2 0.876 <0.001 86.9 mg/g 100 63.6
110.5 mg/g 100 86.2
124.4 mg/g 94.6 86.2
The bold signify the statistically signiﬁcant P value.
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injury. The authors of this article accordingly evaluated the
use of mechanical ventilation, inotropic and/or vasoactive sup-
port, and RRT as severity indicators.
We couldn’t elucidate a signiﬁcant correlation between
ACR1 obtained on admission and either SOFA or APACHE
IV scores while ACR2 obtained 24 h later signiﬁcantly corre-
lated with SOFA score and had a statistically non-signiﬁcant
tendency for correlation with APACHE IV score. We also
found that the SOFA score while not APACHE IV score is
higher in patients with an increasing trend of ACR. In a med-
ical/surgical critically ill patients, Basu et al. found that ACR 6
and 24 h after admission were correlated with APACHE II
score [29]. In a study on medical cases only, increasing microal-
buminuria had a good sensitivity and speciﬁcity to predict the
development of multi-organ failure. In addition, a high
APACHE II score was signiﬁcantly associated with increasing
microalbuminuria levels [10]. They also found that APACHE
II and SOFA scores were higher in patients with increasingtrend of ACR over their ICU stay compared to patients with
stationary or declining ACR level [10]. De Gaudio et al. [5]
reported an increasing ACR to be positively correlated with
an increasing SOFA score in 55 postoperative patients with
sepsis. In a study of 40 trauma patients, the same authors
[30] reported that the degree of increase in microalbuminuria
over the ﬁrst 24 h following trauma was related to the severity
of the trauma.
We found that the ACR2 and the D ACR and not the
ACR1 are associated with a higher incidence of need of
mechanical ventilation and need of inotropic and/or vasoactive
support. Other authors also found that ACR is inversely asso-
ciated with the PaO2/FiO2 ratio in post-trauma patients and
was associated with signiﬁcantly more duration of mechanical
ventilation in patients with initially normal lung function [31].
Pallister and colleagues [32] demonstrated that ACR done 8 h
after admission was predictive of the development of ARDS.
Other authors concluded that ACR on admission and 6 h later
are higher in patients with vasoactive and inotropic support
Urinary albumin/creatinine ratio as an early predictor 53and are positively correlated with ventilator days [13]. Abid
et al., found that the group of patients with increasing ACR
had higher incidence of acute respiratory failure and MODS
compared with those with decreasing or stationary ACR
[10]. Basu et al. also found an inverse relationship between
the degree of change in microalbuminuria and the lowest
PaO2/FiO2 ratio [29]. Another study conducted on 25 septic
patients contradicted these results and showed that ACR did
not correlate to extra vascular lung water and PaO2/FiO2
ratio, concluding that microalbuminuria does not reﬂect
increased systemic capillary permeability in septic shock [33].
They considered that the pulmonary vascular permeability is
not the only determinant of the extra vascular lung water. Vol-
ume status, cardiac function and severity of lung injury may
also contribute to extra vascular lung water. The authors of
that study criticized their conclusion by the very low serum
albumin in their population that may inﬂuence urinary albu-
min excretion [33].
Out of the 40 patients of our study, 7 patients (17.5%)
needed RRT and 33 patients (82.5%) didn’t need RRT. We
couldn’t elucidate any relation between ACR either on admis-
sion or 24 h later or even D ACR and the need for RRT. In the
study of Zhang and colleagues on patients with sepsis and nor-
mal initial kidney function, ACR on second day of admission
was higher in patients who developed acute kidney injury [34].
They found that ACR on the second day of admission of
143 mg/g was 91.7% sensitive and 79.2% speciﬁc for predict-
ing acute kidney injury in patients with sepsis [34]. Gosling
et al. also found that ACR on admission correlated with serum
creatinine but they didn’t comment on need for RRT [12]. In a
study on medical cases only, increasing microalbuminuria had
a good sensitivity and speciﬁcity to predict the development of
acute renal failure [10]. Also in study done by Basu et al. [29],
they concluded that the presence of higher ACR on admission
to ICU may be an early indicator of acute kidney injury in sep-
sis. These ﬁndings were supported by the notion that an
increase in urinary albumin excretion was correlated with
increases in systemic capillary leakage [35]. The kidneys receive
about 25% of the cardiac output, and small changes in
glomerular permeability will lead to notable changes in
microalbuminuria, and thus kidneys are sensitive to permeabil-
ity changes [35]. Some authors postulated the higher levels of
microalbuminuria in sepsis to defects in the glycocalyx layer
of the fenestrated glomerular capillaries induced by the inﬂam-
matory process. It has been shown that the glycocalyx layer
acts as a barrier to protein permeability and degradation of
this layer increases the passage of albumin across the glomeru-
lus [36]. These pathologic changes related to the kidneys can
explain the impairment of kidney function that occurs when
ACR is increased. We supposed that the lack of relation
between the ACR and need for RRT in our study was due
to the small sample size and small number of patients who
needed RRT (only seven patients) compared to other studies.
We didn’t evaluate the development of acute kidney injury that
didn’t reach the extent of need of RRT. We might accordingly
lose an association between ACR and kidney involvement in
sepsis.
The average ICU length of stay in our study was 7.0 (5.0:9.0)
days. We found a positive correlation between the ACR on
admission and 24 h later and the ICU-LOS. Gosling et al.
and Zhang et al. found that ACR values positively correlate
with ICU-LOS [13,34]. In Gosling’s study, the ACR wasmeasured on admission and 6 h later. Thorevska et al., found
that among survivors of critically ill patients, those with ACR
more than or equal to 100 mg/g stayed 5 days longer in the
ICU [11]. This correlation between ACR and ICU-LOS repre-
sents a reﬂection of their association with disease severity.
APACHE IV, ACR1 and ACR2 were found to be predic-
tors for mortality in our study. The AUC for ROC analysis
was highest for APACHE IV score (0.905) followed by
ACR2 (0.876) and then ACR1 (0.755). We found an APACHE
IV score of 72.5 to have 100% sensitivity and 80% speciﬁcity,
ACR1 of 86.3 mg/g to have 100% sensitivity and 50% speci-
ﬁcity, and ACR2 of 110.5 mg/g to have 100% sensitivity and
86.2% speciﬁcity to predict mortality. We also found that
the trend of ACR over time is a predictor of mortality with
higher mortality in those with an increase in ACR2 compared
to ACR1. The increase in ACR was associated with 89% sen-
sitivity and 68% speciﬁcity for detection of mortality in sepsis
patients.
In a systemic review, Gobal et al. concluded that ACR may
hold promises as a predictor of mortality [14]. Bhadade et al.
[37] has demonstrated that the area under the ROC curves
for prediction of mortality was highest for ACR2 (0.943)
and change in ACR over time (0.943) followed by APACHE
II (0.835), SOFA (0.788) and ACR1 (0.725). Basu et al. con-
cluded that ACR 2 is as good as APACHE II for mortality
prediction [29,38]. They found ACR 24 h after admission of
99.6 mg/g to have sensitivity of 85% and speciﬁcity 68%. They
concluded that absence of microalbuminuria at 24 h is a pre-
dictor for survival [29]. Gosling et al. found results similar to
Basu et al. [29,38] in surgical, trauma, and burn patients but
not in medical patients [12]. In another study also in surgical
patients, ACR measured on arrival to the ICU was able to sig-
niﬁcantly differentiate survivors from nonsurvivors [6]. In the
subset of surgical and trauma patients, Gosling and colleagues
found that ACR more than 5.9 mg/mmol (52.2 mg/g) predict
mortality with 100% sensitivity and 59% speciﬁcity however,
in medical patients they didn’t ﬁnd any difference in ACR
between survivors and non survivors [12]. Gosling et al. in
another study concluded that in both medical and surgical
patients who died in the ICU, median ACR failed to decrease
signiﬁcantly 6 h following admission [13]. In 104 mixed ICU
patients, Thorevska et al. found that patients with ACR more
than or equal to 100 mg/g on admission were 2.7 times as likely
to die compared to those with ACR less than 100. They con-
cluded that ACR had similar predictive characteristics of
APACHE II score as an independent predictor of mortality
[11]. Many other authors, like us, showed higher mortality
among patients with increasing ACR levels than those with
stationary or declining values [10,11,34]. However, APACHE
IV score has performed better than ACR2 and D ACR in
our study as the area under curve was higher for APACHE
IV. The ﬁnding of ACR2 as a predictor of mortality could
be explained by the presence of ongoing inﬂammatory pro-
cesses among those who expired and hence the higher levels
of ACR2 among them. On the other hand, a lower level of
ACR2 might indicate a decrease in the inﬂammatory activity
and explain the improved survival. This also explains the abil-
ity of D ACR in prediction of mortality where an increasing
trend predicts a poorer outcome, whereas a decreasing trend
predicts a better outcome. The decrease in levels after 24 h of
ICU admission could be the result of the decrease in the
inﬂammatory processes occurring as a result of treatment.
54 O. Tayeh et al.The initiation of early treatment might help to protect the gly-
cocalyx layer and prevent further rise in capillary permeability
[36]. On the basis of these observations, it could be said that
microalbuminuria has a role in checking the effect of treatment
[37]. The importance of the ACR change over time than
depending on one measure was also explained by the presence
of chronic microalbuminuria with some diseases as diabetic or
hypertensive nephropathy, even if not previously diagnosed.
We postulated the presence of a signiﬁcant predictive value
of APACHE IV and ACR2 while there was no correlation
between them in our study to the small sample size.
Our study was limited by the small sample size. We consid-
ered only 2 measures of the ACR; on admission and 24 h later.
Other measures in-between might be beneﬁcial. We considered
the need of mechanical ventilation and RRT as indicators for
ARDS and acute kidney injury respectively. We didn’t esti-
mate the deterioration in PaO2/FIO2 ratio and the serum
Creatinine level and accordingly we might miss an association
between the ACR and some degrees of ARDS and acute
kidney injury.
5. Conclusions
We can conclude that the urinary albumin/creatinine ratio may
be used as a simple, rapid, noninvasive, inexpensive, easy to
perform and interpret test for early prognosis and prediction
of mortality in septic patients. Late ACR after 24 h from
ICU admission and ACR trend over time might be more
important than the earlier admission ACR.
Thus, together with conventional illness severity scores, the
measurement of ACR on admission to the ICU, and 24 h later,
can provide additional information on patient outcome.
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